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[mHi^l] L i Fe P04 2:-&^-ri.(C^L, 
mo L i F e P O4 

ftl^L i F e P04^Effivg1%«i: L-C*-ri.IE®i: . 

mitim<mmmm(Dmm.ifmzm^x , imil i f 

eP04a:-^Re-ri>CP^L, 
XSi:. 

±i£?l-&Xglcfcv^T, iMi-^mMk L-C^^^< 1 1 

[ msm4 ] ±iaiE^xs t ±iEJ ps^xs tcomz, 

(000 1 ] 

imco^tmmm] ^mni^i, l i f e PO4C0 

-^SlLlfmRX/^cOL i F e P O4 ^jEm&mt LTffl 

^^■fcnyiimm^smimwMijmzmi-^ . 

[0002] 

hiz. ^mmmi'Z, ij-'ommmzmmv^ ^Mi^tL 
[0003] ±ieoJ: a^x?^:l;?iiio+T't!ttt. 'Jf- 

[ 0 0 0 4 ] 114 , 'J M,m&X'4 vomG5:fl-r 
^EI&vStlKi: LT L i C o 02*i;£<||ffl'fl:?ilT^^ 



[0005] 

[|gBflA5(gj^LJ:pi:-tl.i!BSI] U^L^:**'^, Coti 

i«<o<fi!i. ^gffi*&*>'li*>Lv^^:v^3roW^)S. -?■ 

iiU n Sr^-;^ t Lfv:I©WfliO^^«5M^ ttTV^I, . 
[0 006] mn^^-XtLfzWmnt LT, ILX 
f^Vl^Sffiit^ i,*>, ^raSf F d 3 mSr^-tS L i M n 
2 0,*J^$tl-r CCOL i MnjOjti. i^U^n? 
A«(iT4 V^t V ^ 5 , L i C o O2 Pl^COiSv^mfii 

[0007] LA^L. rnrn^Zh i Mn2 04$:fflV^T^Sfiic 

X\^h, 

[0008] -U. F e •^K~X{zLtzS&UfMz^\^ 

jie<JtMsT'$(i^1^fr4-CJ) 0 . F e Sr'^-Xt; L/^iE 

[ 0 0 0 9 ] F e Sr'^^-Xlc L?t jE8s»4i: , mt 
« L i C o Oa^L i N i O2 i:5i(R<7)<f itSrW-TI. L i 
F e O2 ^S*fflfi!ctt5Wt4iOM=t*i+'Dtffi?ilt 
^^I>)!p. L i F e O^tit^mmm^j: 0 xtffljS*^'^^ 

[00 10] ^miML, LiFeP04S:Uf-'>A>f 
i^ymWr>lEW.zm^^h:ihi)K Wm-9-\ 7 182 
7^^^?8^Ci5V^T^i^^i^•CV^|,. LiFeP04ti:. 
mmWfi3>. ^s/cm?t±%<. 3. 4VOi«m 
{SSr%4L, ^lffeSfti>17 0mAh/gi::^l=V^. L 
Li FePO,ti:. %)«B«-C. «m^L^fi<)lC)lii 

Y-r^m^j:\- i Sr , F e 1^^ 1 flS^t 0 1 m^T- 

il/i. f^iW&idtC. iCOLiFeP 
O4 ti®ffi:5r^rST'^fig-r S C t *>'-C# h , 

[00 11] L*>L. ±iewi^ffi-e$afe$ix-0'^i.<k^ 

(c, Li FeP04$-mvS!B()Ki:tTfflv^Tfllfi!4Six 
6 0mAh/g~7 0mAh/gg 
jeo||^lLM#^>iXt:t^^rV^, ^cr>tik. Journal of t 
he Electrochemical Society, 144,1188 (1997) (Cfc*-^ 
T 1 2 0mAh/ggJ^i73||^ft*^'$S^$nTV^I,*s, 
aflS:ffi*n 7 0mAh/'gTJ)SC:t$-#;tSi:. + 

[ 0 0 1 2 ] e^Jx{? . Li FeP04i:LiMn204i: 
^JtKUc^. LiMnzO,^. ^i^mE*^'3. 9V 
XM, 1 2 0mAh/gc^S*5:ifi-L.. ^^>tC#:?aS? 
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^¥4. 2z/cm^X'hhti^(:>. LiFePOjti. L 
i M n 2 O4 1 m LTSE. mm^b t 1 1'J^JK/h 

tic^l). z<^tzih. I5ii;i 2 0mAh/go§ 

i^nXottht, LiFeP04l±, LiMn204 

COO 1 3] fi!-5-C. LiFePO^rLiMnjO,^: 

|.7t*^(Cti. 1 4 OmAh/gSiSCHi-eilJiLhO^J: 
*iS5l<§ix4-<)^ L i F e P 04T'C:OJ: ^^SSfiti 

[0 0 14] tfz, LiFePOili. tsf*, 
^iMTtW^TiZX 8 0 0°Ci; J:t«&^S?ST«$iX 

[0015] ^JS)gf|^4'i7)F eiit LTli, 'J VK^- 
^ (Fea {PO4) 2 • SHjO) ^g^ig^ (Fe (CH 
3000)2 ) ^i:'<502fic7)fc<7)S*^'fflV-i^>ix-C</'>S. 

[0016] ifm><i±MUzi.ots:^m<r)-mtiz^^ 

<, J: '9ffi^T'^fi£$fL. iS§S^W-ri.L i F 
ePOitmhflhhi FePO4<50-&fiS;:^Sl>'-?-<7)L 
i F e P O4 ^m^lfivSl^ilMi: LTfflV >fc#*Sg?«l:?t!! 

[00 17] 

mmm^tirctfycom] ^mMcr>L i f e PO4 

(Ty-^fS.lomi-i. L i FeP04 2r^fig-ri>{C^L, 

t . ±nm-^j.mx''i%i^h.tz±immi^mmLxm 

[00 18] ±^L7tJ:3^:*l6BBWSSLi Fe PO 

.(o-^^mxn. i^^^mm-^mmbixm^^x 

[ 0 0 1 9 ] i/^, *i%HHiO#*«S?«m?toS?it*a 
(S, 'Jf-'>A$:^j£fi<I(cK-r • BKh'-rnT^^L i F 
e P04 2:iE«SvS!f^«i: Lt*-tSiEffit. ±iilEmt 

(Timmumxh-^x. ±iBL i Fe po4S:^fii<;-ri.t 
^L. ■^mMt^j:hmwLCDmmm^Lxmm^t-t 



[0020] ±mifzXd^j:^WMl,zi^my\<.mM'8m 

im^-nrnxu . L i F e p 04 •?> izm i . 
i5\^xmizBm^tm^j::^xi)im.u^^\. -e 

LT. CliOL i FeP04ti:. ftl^^l^l-COiJ^'^AiOti: 
[002 1] 

[^Hj(7)iiigc?5B®] WT. ^^wMcommcommi'Z-ou 
xmmt^, 

[0022] *l6BBS:3iffl L-CS3t$iil.^^^«Wvgm 

ftSi2t. ft®2S:lR§-fl.*fi&ffi3J:. IEfii4i:, IE 
©4 &lR^-tl.EISte 5 i: . IEfi64 t ftfi&2 t (OmzR 

ffite3&t;iEffiS&5 l*I(;^^7j<«»jW3E«$iir^5 « 
[0023] flffi2li, flffivgft«t ^r^Mi.tf^JSy 

f-'^Ari*'^,^^, tfz, nma^mtix, oi-^M. 
vs«ii*«$iit^r§, nmmmi^bLx^i, mi 

[0024] 'J f-'^ A $: H-r. IJi F-^-^rfig^ttfeS 

mntixit, ^jR'jf-'^'A, 'j^-^^A 

[0025] nmrnm^ztt^ixh^^mt ix 
bxm'^m\-^^ix.x^^i>{ikmmmmm^m^^hzb 
[00 26] ©ffife3ti;. n%2-^m^-fhi,(r)X'h 

[0027] jEffi4 (i. iE@»«*±C, iESvS^KSr 

?sm?i!!it'(i. imm^'^bLx. ^mt^-Hm^zi,^ 

[0028] lEW^^'S.m^Z-^^^flh^-^mt LX 
ifiX'tt, 

[0029] JEffiftSti. iElB4 SrHK^i-t'?. t«OTJ) 
[0030] -fe>'NV-^'6ti. ]Efi54i:. mi52t€:gi 
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[0031] mm'^ir -v h 7(±. fleffi-3 
[0032] i^7iiWimt trii. ^Nro h ym^m 

[0033] i^7H\mk lX(,i. Wi.tf l^y;!?- 

t'-Uy/j-^^^^-h^ r-yi-^i-yi'Vy. :^)\^ 
t^yy. 1, 1, 2-^'xh^ 

xx^j^y, 2-^^;L'Th7t HcJ77y. S-;*-^;!^ 
1, 3-i^'7i-^V5y. rnb:^yg$;<f-;k BM^-f- 
/K i^';^^;L';i/-'t':T— i/x-^;l^;ir-*';tv- h-, 

fflv^TiJ:v^L, 2mfm±^m^ixm^-^xi>x\\ 
[ 0 0 3 4 ] t t^mmmm^-^immMt ix 

Mtl>i. LiPFs. LiClOi. LiAsFg. 
L i BF4. L i CF3SO3, L i N (CF3 SO2) 2^ 

AtScO't'Ti.. LiPFe. L i BF .^m^tlZtti^ 

[ 0 0 3 5 ] O l^'lc . ±i£ L J; ^ ^^^7K«gMSffl 1 

commiz-y^^ximth. 

[ 0 0 3 6 ] l;-r. lEm^mKb LXm^^(>iXh:^'J t' 

ySL i Fe P042:^E!c-ri.. ^^m^mmzn^^x 

[0 0 37] >'a.'^mmi. LiFeP0i<7)-^fSJ^M 

t ixmm^^(iiix^tzu y^m^zitKXMtm. 

ZtX\ L i Fe PO4C0-&^JE^ffl^C3iftl.C:i: 
A>'T'#^, ttz. LiFePO^co-^mMnbLXi^a. 

[00 38] Li FeP04$r-g-^-ri,ai. ^"f. 

mMbixmuii^^'^mmiFeCiOt) >jy 
is^K^ryt-'^A (NH4H2PO4) fc. ^K'Jf-n? 

A ( L i 2 C O3 ) t SrrrSibril^ -&fi!t H?IB* t -f 



i,. zzx\ ^mMcoi^-^ii+^i^z^noiZ-mm^, 
^imm +^izM^t^ ztx\ ^wMi^i^-iz-ig^ 

i F e P O4 Sr-^fiK-Ti. .1 1 ti^^l,z^j:l . 

[0039] mz. zffi^mmy^^m^nT-^'&A' 

XWSi^A'X'tmrh >! t J: 0 L i F e P O4 1^^^ 

[0040] tfz. ^<7)L i Fe P04<7)-^fiiciaS(i:s 

3 5 0°CW±. 7 9 0«cmT^7)iciIi:f'&-Ii:A^'»St 
v\ 

[0 04 nt^*, LiFePO4ti:^]<ttf8 0 0''Ct 
^cO:M-x:7^;Udf-$rffi»-ri.^i:t^:'9. RiEg 
[0042] ±aUc<J;3(C. L i FePO4C0-^{!!ct;: 

^L. i^a.^m.m^mMbLxm^^hzbx\ mt 

\.f3 0 O'CfcV''^. ts!*(508 0 OrHit^Ttil.Mcffi 
i^^aSTt L i F e P O, Sr^fig-fl. i tA^'^flgh =5:-:> 

[0043] ^LTs mm300'Cb\^oMm'&^^ 
iSST t L i F e P O4 Ir^E^-f ^ CI b i}^X'^ IXoiZ 
^j:-ofzZbf^h. ^^*(^Jt'^•CJ:'9/£v^^SJgiell•CLi 
F e P O4 ^^fiic-r I. ^ t A^^tgt >5r 0 , -^JSjaSc^S 
-ecif. ^Wmi. L i F e PO 

i<7)^ims.b^s.b<nm{uzmnL. mi\.^^m§, 

mz-:>\^xmiLtz, 

[ 0 0 4 4 ] -?-<?)tS*. L i Fe P04C7)-g-j3jciaKti3 
5 O'Cm:. 7 9 0'COT^7)liH«0?flJK t-ri.^ i:*^'*f 
*Ll^::i:A^'i?A'-3fCo L i Fe PO4C0-&lS?^*^'3 
5 0''C<}:'3i>ffiV^fc. -fk^raet^^B^LA^'+^tCiiS 
■f. FeP042:f#l.vltJ!p-e#^V\ ^ 

L i F e P Oi(r>^m&m^l 9 O'CX 0 
^SfB'^l:*»'JiflrJiffLTL^V^. L i F e PO,^^ 

mimZb*iX^^j:\'\ (MoT. 350-CiiUi, 7 
9 0'COTOlEfflTL i FeP04S:-^)j!ctl)C:fe, 
l%-T*tao LiFeP04S:#I.C:i: A^fS: . 
f ^7KS{!?Sm?teO 1 2 0 m A h/ g S:±[2ll.iS?gftS:ll 

[0045] ;?^>{C, J;0»tH-^L i Fe PO4t0-& 
^?agti, 4 5 0°CJa±. 7 0 0-COTiOlefflffcS. 

4 5 0°CUI±. 7 0 0°CiaT«iEHT-L i F e P O4 
-^fiSt-f^Cli-C. L i FeP04afHSftT;bS 1 7 0 
m A h / g tjS S ft V ^||§I;2r#S t *^T- # § . 

[0046] IKBflL^t J: 0 ^imXI,i. i^^'^SE 

SST. mfflOL i FePOiSr^fiSc-rSwtA^TIi 
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[0047] ^LX. &±<DXol,ZbX%(>tlfzL i F 

[0048] ftffi2 1 LTts. t-f. nm-iS^nt'^m 
mt ^m^.'^i^z^^^^x^ y y -(^n^-^M^mm- 

^mtxnmismm'&mfii-thzt^zj: om2 w 

l,ife«'Jf->A^^<?)^iftffi2 k LTfflv^|>r i: i,T 

[0049] iEffi4 t LXli. tr. JEmm^nt ts:h 
L i F e P O4 k^Wlk ^Jf«4'tc^liJ$-ti-CX5 'J 

i: ct 0 iEfie 4 *i ftili $ ii S . ±iEiE®^ffl<7)5i*«?fij 

tLxi<i. ^i:m^mmm\^hzbti^x^tm\ ± 

[0050] it7^mMm,i. VM'^i&^tmm^^z:^ 
m-fi>zt\ziy)mmiih. 

[00 5 1] fL?. ft@2$rtSBffi3tClR^t. lEIS 
4$rIESffi5C)R^t. mfiE2i:I1i4 t(7)rBllCs ^'J 

!>, ft©fi&3St/IE«5fi&5F*]lc^^7l<l:ll?M2raAL> Jfi 
^;!f X ^r.y^7^:f^L•C ftUffi 3 i: iES& 5 i; Sr A» tJ^ 
t SSI- 1. ^ i J: 0 , 1 . 

[ 0 0 5 2 ] ±a Ltzx 0 tsiwnmmM^ i coMJt* 
mx'^i. mki- 0 tffiv^fflKT-. mfficoL i f e p 

i^m-h^ttn-th. ^LX. >IC0LiFePO4 

^lEm-mntLxm^^xim^M^Aimmmmi 

[0053] ^rfc, ijzBLTti^UffiOWcfcVi-Cti. 
Li FeP04&^fi£-ri.tCllL. SI^L i F e P04cr) 

[0054] 'Srfc. JiaUcLi FeP04c;)-&^:^a 

[0055] ^jSHlriB<4!+fcSm*^# LTV ^S i; . L 
i F e P O4 O-^BitB^lC . 2 ficTJ^-ft-^T'J) I. jl •> 

•CFe3*i:^o-CL*^. f<7)*g*, ^^IHTJ)!) 3fi 



Offe^L^ft*^'4)^c?«!IcOL i F e P O^^'iZi^lX It 

mi:tlZbX\ l^:x'^Wtm'P(r)F e2'<Dm^tm<'Z 
t^K'^h, -eofS^. 3WO0c^l:-&*l!l**4fi!c»OLi 
F e P O4 . L i F e P O4 SritS C: 

[00 56] tti. L i FePOjCOfll^TcSi: tTW 
LiFeP04^B2j!:«i: LTV^fitfJ:<. iSEUc 
i ^ ^ 3 5 0°Ctl±. 7 9 0X:aT<7)&!S.^mX'Kmt 
m^u^ttpm'ni-hm LlFePOitCLi. Fe, 

p . o]:M(r>7tm^mMh^^^i>i-m^sm^tix\'^x 

[0 0 5 7] tfz. LiF ePO^CO-^S&imttX 

t,i. ±mtr.i^t-^'immzh. v^^j>^MtLX7mit 
'j^'^'A. ffiiSUf-^A. pS'jf-'^i.. 'jy®y^'> 

[0058] ±^ucXo^j:^mm(7)mmizi^m7iin 

^cr>lfmz':>\^XUni,zmm^ixl ^tl,i^j:<. tt:. 

[ 0 0 5 9 ] ^rfc. ±mttzmm<ommxii. n^iimf^ 
nmrnt ix. i^?i<mmmi:m^r.i^^yHmmv.mii 
mi,zmfxmmuzi}K ^^^m^iztiizmm^tLi t<7) 
xm<. ^^7i(.^m®kLx. iira?«-^> ijjm 

[0060] 

[UliiSM] ore. *%Bfltf05Sm2:P'<S^<. L i F 
eP04$:-&^L. t#4>fL3tL i Fe P045riEffivgftK 

[0061 ] <mmmi>t-f. LI FePOiSr^Elc 
[0 06 2] Li FePOi^:-^fS.t^iZl,±. tt. f$ 

(NH4H2PO4) ^^ib+j^izm^Lfz, mz. 
■^K«^-7f<fDft (FeC204 • 2H2O) k. Vymz. 
7KSTy^:-'>A (NH4H2PO4) k, m'J-f->A 

(L izCOa) tSr. ^:;Ht*>'2 : 2 : llZ^j:^Xol>Z 
?li*-C3 0^^?g-^U^cf^> $4.twT-fehy$:jMi:L 
Eg 2 m m<7)i/';P3:::T'-K-;l'$rfflV 4 8 B#[a?I^ L 

[ 0 0 6 3 ] <J:{c, zeom.-^mm±mz^j:iiX'^^ 
L/C. -ecof*, M^srr. 1 2 o-ccoms^^F-csng^t 
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[0 0 64] zcoKibWimmzMLx. mmnm 

0 0°C. 1 2^W\cr>m^^ ^'^-ofz^k. 

amy, rjehuIe*^ e o o-c-c'2 4B#rajD^-ri. t 

[0065] ^LT. ±a>OJ:^^ILT^#W^L i F 

[0066] t-f. iE®vS1%«i: tX^^lfzL i F e 
PO4&7 0fl*%J:. ^m^PlfcLTT-bf-Uyy^-y 
i?^ 2 5tS.%t . f^mib 7 'vitt'-V TV 

BOOSrfflV^T^^:. 
[ 0 0 6 7 ] iOiEffi-^SiJarmmii^^r^US 

0 o°cT- 1 mr^mk LxiLmm%v.m-kfS>^ Ltz , 

[ 0 0 6 8 ] -e LT. ILWmmffiBfSi^tltzTll'^ 
IfitCti . 6 0 m g cO/SltM^^'fflj^ $ ilT V-i I, . 

[00 69] tfz. ')^^j^^mmismmmzn 

[0070] tfz. rDtVy;!?--t:^^-hi:vVf-;P 
h L i P Fe ifr 1 m 

o 1 / 1 (D^^X-mm^^th ^ i: (Cck 0 ^N^KmfBiSSrP 

[007 1] ULtcOJ: :?lcLTt#'^a?tIESj$riEtOfi5t 

[00721 {mmm 2 > KJEmffi*<7)jD.^?ag2: 4 0 

0"Ch L/i; Jymi. »£^Ji: mk\.z UT L i F e P 

[0073] {mm\ 3 > Kmmmw.<r)W!m.^ s 0 
o-ci: LtzMX^m. mmmtnm\.z lt l i f e p 

[0074] iMLfzio^^-nmizi, o-^bJcS 

iXTtL i Fe P04lcov^T. 1?}*X^[IISfVN'^'-y2: 
[0 0 7 5] fSffl^S: 'J;!f:?RI NT2 5 00ISISSW 

XH: CuKa. 40kV, 1 00mA 
d-i^)^—^:mMWM. ^18 5mm 

X'J -J h^: 

r/^^'N'-i^'iyhX'J /h (DS) =1* 
l^iz-t'y/X'J -yh (RS) = !♦ 
;^df^.y^ijy^;^ij,y|> (SS) =0. 15mm 



m%m : mm. a^gix^-v y 

^Siaa: 2(9= 1 0° -8 0° 

Xdf^yXh-H : 4° /:})• 

IIJfeB?y 1 -jlJSMBT'-^fiit^^ITt L i F e P O^f^^X 

^s[^]Sf>'^"^'-y^Il2t^•ro ei2*-^>. hmmi-si 

tel3^J3ciOL i FeP04(i. :tBK«)*tCL i F e PO,!^ 
J'Fi7)^l4WO#?£{i5if2Sn-r, mfflt^L l F e PO, 

c7)jD»?SSSr4 0 0r. 6 0 0*cat/8 0 0''Ci:S;c;t 
V^-f^^^O^SJg•Ct#ffi^OL i F e P04;!)if#^5il 

[0076] tfz. mm\<r)TXV-tMZ-:>\^X. % 

wmmi'M-itz. 

[0 07 7] ^-r. x^h-feMc^tLTSmcTi^m^rff 

t>%mE^mz>cmmi.x.ns.^A. 5V{c«o/c^ 

-eUT, ffieS*>0. 01mA/cm2 
\:Xf\,ztcr>fzm^X%W.^W:l^^fz. ^cr>^k. 

^TV\ mmmEti^2. oytx'i&TLfzmj^xmv.^m 

l^'tfz, ^fc. ?c^. JSmt t tc^a ( 2 3'C) -cff 
<<\ dcOtl'iOliiiit^StiO. 12mA/cm2i:L 
fz. 

[0078] mmm l cO«?tttOl^-Ci03tSj«!fttt$rll 
3lC7Ft. I13J:0> ll!tMl«0^?lS«. 3. 4Vf^jg 
tcTtl^SrmfiSr^LTfcO. SM^MTS)!. 1 7 0mA 
h/gtC-tt^ 1. 1 6 3mAh/g ^V^:3;*;g;^^J3!3E» 

[0079] ^ ^c. 11^0^ 1 cr)mmZ'^\,^X . -t-f ^'^l^ 

mm 1 <7)a;-a!m. 0 . 1 

TtmibXA^^<. ^^Lfzmmn\tt:^LX^^^:ib 

[0080]«f-5T. i^a.^mi^WMtthZtX\ 
^af*J:Otffiv^^aK•C^ mffl<7)L i F e P O4 ^r^fiScT 
|;Sit*^':b*>-5fv;. -eLT. ^tfOmfflOLiFePO 

7 l> t <7) t ^ I. i: ?t . 

[0081 ] 

[0082] -euT. n^^tt ltx^'^k 

i^5rfflV->T#f>fLJtL i Fe P04$:iEfi&vS1^!lMt LT 
[[lffic7)fsm:5ri5iBB] 

[01 ] *l|B^(c^S#7mfKmfflco-^fig:PJ$:^-t 
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(54) [ Title of the Invention ] Synthesis of LiFeP04 and production of 

nonaqueous electrolyte cell 



(57) [ Abstract ] 

I Object ] Synthesizable at lower temperature without evolving acidic gas, and heaving 
high capacity. 

[ Constitution ] Comprises a mixing step wherein a plurality of substances serving as 
starting materials for synthesis are mixed to give a precursor; and a heating step wherein 
said precursor is heated to induce a reaction; wherein the starting materials for synthesis 
in the mixing step include at least iron oxalate. 
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[ Claims ] 

[ Claim 1 ] A process for synthesizing LiFeP04, said synthesis of LiFeP04 comprising: 
a mixing step wherein a plurality of substances serving as starting materials for 

synthesis are mixed to give a precursor; and 

a heating step wherein said precursor is heated to induce a reaction; 

wherein the starting materials for synthesis in said mixing step include at least 

iron oxalate. 

[ Claim 2 ] The process for synthesizing LiFeP04 according to claim 1 wherein a 
degassing step for removing gas from said precursor obtained in said mixing step is 
performed between said mixing step and said heating step. 
[ Claim 3 ] A process for production of a nonaqueous electrolyte cell comprising: 

a positive electrode having as its positive electrode active material LiFeP04 
reversibly dopable and dedopable with lithium; 

a negative electrode juxtaposed to the positive electrode and having as its negative 
electrode active material reversibly dopable and dedopable with lithium; and 

a nonaqueous electrolyte present between said positive electrode and said negative 
electrode; 

wherein the process of synthesis of LiFeP04 in said process for production of a 
nonaqueous electrolyte cell comprises: 

a mixing step wherein a plurality of substances serving as starting materials for 
synthesis are mixed to give a precursor; and 

a heating step wherein said precursor is heated to induce a reaction; 

and wherein the starting materials for synthesis in said mixing step include at least 
iron oxalate. 

[ Claim 4 ] The process for production of a nonaqueous electrolyte cell according to 
claim 3 wherein a degassing step for removing gas from said precursor obtained in said 
mixing step is performed between said mixing step and said heating step. 



[ Detailed Description of the Invention ] 
[ 0001 ] 

[ Field of Industrial Utilization ] The present invention relates to a process for 
synthesizing LiFeP04 and to a process for production of a nonaqueous electrolyte cell 
having LiFeP04 as the positive electrode active material. 
[ 0002 ] 

[ Prior Art ] Recent dramatic advances in electronic devices of various kinds have 
stimulated research into cells that are economical and can be used that for extended 
periods, and in particular into rechargeable secondary cells. Secondary cells 
representative of the known art include lead storage cells, alkaline storage cells, and 
lithium secondary cells. 

[ 0003 ] Of the known secondary cells, lithium secondary cells in particular offer 
advantages such as high output and high energy density. Lithium secondary cells are 
composed of a positive and negative electrode having active materials capable of 
reversible lithium ion insertion and extraction, and a nonaqueous electrolyte. 
[ 0004 ] Currently, LiCo02 is widely used as a positive electrode active material having 
potential of 4 V versus lithium. LiCo02 possesses high energy density and high voltage, 
and is an ideal positive electrode in a number of ways. 
[ 0005 ] 

f Problems the Invention Attempts to Solve ] However, cobalt (Co) is unevenly 
distributed around the globe and is an extremely scarce resource. This makes it expensive 
and difficult to ensure a stable supply. Accordingly, it would be desirable to develop a 
positive electrode active material based on manganese (Mn) -an abundant and 
inexpensive resource- rather than Co. 

[ 0006 ] One Mn based positive electrode active material proposed to date is LiMn204, 
which has a positive spinel type structure and [is crystallized in] the space group Fd3m. 
LiMn204 has potential of 4 V versus lithium, about as high as that of LiCoOa. Further, 
LiMn204 is easy to synthesize and has high cell capacity, making it an extremely 
promising material that already enjoys practical application. 
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[ 0007 ] However, actual cells fabricated using LiMn204 exhibit significant deterioration 
in capacity with storage at high temperature, and Mn tends to dissolve in electrolytes, so 
problems such as unsatisfactory stability and cycle characteristics remain to be solved. 
[ 0008 ] Iron (Fe) based positive electrode active materials have also be the subject of 
research. Fe is even more abundant and cheaper than Mn, making development of a 
practical Fe based positive electrode active material even more desirable. 
[ 0009 ] To date, research related to Fe based positive electrode active materials has 
focused on materials having the basic composition LiFe02, which is similar in structure 
to LiCo02 and LiNi02. However, LiFe02 is difficult to prepare and its structure is 
unstable, so that characteristics satisfactory as a positive electrode active material for a 
secondary cell have yet to be achieved. 

[ 0010 ] Meanwhile, the use of LiFeP04 in the positive electrode of lithium ion cells was 
proposed in Unexamined Patent Application (Kokai) 9-171827. LiFeP04 has high 
volume density (3.6 g/cm^) and high potential (3.4 V), as well as high theoretical capacity 
(170 mAh/g). Moreover, LiFeP04 in its initial stage includes one electrochemically 
dedopable Li [ion] per atom of Fe, making it a promising positive electrode active 
material for lithium ion cells. Further, LiFeP04 can be synthesized by a simple process, 
described hereinbelow. 

[ 001 1 ] However, as noted in the above-cited publication, cells produced using LiFeP04 
positive electrode active material achieve capacities of only about 60 mAh/g to 70 
mAh/g. While actual capacity of 120 mAh/g was reported in the Joumal of the 
Electrochemical Society, 144, 1188 (1997), this cannot be said to represent adequate 
capacity given that the theoretical capacity of the compound is 170 mAh/g. 
[ 0012 ] Comparing LiFeP04 with LiMn204, for example, LiMn204 has average voltage 
of 3.9 V, capacity of 120 mAh/g, and volume density of 4.2 g/cm^, so voltage and volume 
density of LiFeP04 are each about 10% less than LiMn204. Accordingly, for the same 
given capacity of 120 mAh/g, LiFeP04 will have more than 10% less energy density by 
weight and more than 20% less energy density by volume than LiMn204. 
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[ 0013 ] Thus, capacity of 140 mAh/g or higher will be required before the energy 
density of LiFeP04 can meet or exceed the level of energy density of LiMn204. However, 
LiFeP04 having such high capacity has not been developed to date. 
[ 0014 ] The conventional process for synthesizing LiFeP04 involves heating the starting 
materials at relatively high temperature (about 800°C) under a reducing atmosphere. The 
high temperatures needed for synthesis consume large amounts of energy and impose 
significant loads on reaction equipment and so on. 

[ 0015 ] Fe sources typically used as starting materials include divalent iron salts such as 
iron(II) phosphate (Fe3(P04)2 ' 8H2O) and iron(II) acetate (Fe(CH3COO)2). However, as 
iron(II) phosphate has low reactivity, use in synthesis at low temperature is difficult. 
Iron(ir) acetate can be used in low temperature synthesis, but has the disadvantage of 
evolving acidic gas during the synthesis reaction. This acidic gas is destructive of 
reaction equipment, etc. and has adverse effects on the work environment. 
[ 0016 ] With the foregoing in view, it is an object of the present invention to provide an 
LiFeP04 synthesis process that gives LiFeP04 synthesizable at lower temperatures 
without evolving acidic gas and having high capacity, and a process for production of a 
nonaqueous electrolyte cell having this LiFeP04 as the positive electrode active material. 
[0017] 

[ Means Used to Solve the Problems ] The process for synthesizing LiFeP04 herein 
involves synthesis of LiFeP04 comprising: a mixing step wherein a plurality of 
substances serving as starting materials for synthesis are mixed to give a precursor; and a 
heating step wherein said precursor is heated to induce a reaction; wherein the starting 
materials for synthesis in said mixing step include at least iron oxalate. 
[ 001 8 1 As the LiFeP04 synthesis process herein employs iron oxalate as a starting 
material, no gases that would have adverse effects on the work environment are produced 
during reaction. 

I 0019 ] The process herein for production of a nonaqueous electrolyte cell comprising a 
positive electrode having as its positive electrode active material LiFeP04 reversibly 
dopable and dedopable with Hthium; a negative electrode juxtaposed to the positive 
electrode and having as its negative electrode active material reversibly dopable and 
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dedopable with lithium; and a nonaqueous electrolyte present between said positive 
electrode and said negative electrode is a process of synthesis of LiFeP04 comprising: a 
mixing step wherein a plurality of substances serving as starting materials for synthesis 
are mixed to give a precursor; and a heating step wherein said precursor is heated to 
induce a reaction; and wherein the starting materials for synthesis in said mixing step 
include at least iron oxalate. 

[ 0020 ] As the process herein for production of a nonaqueous electrolyte cell employs 
iron oxalate as a starting material, no gases that would have adverse effects on the work 
environment are produced during reaction. Due to adequate diffusion of lithium in the 
grains, the LiFeP04 affords a nonaqueous electrolyte cell having high capacity. 
[0021 ] 

[ Description of the Preferred Embodiments ] A fuller understanding of the invention is 
provided through the following description of the embodiments. 
[ 0022 ] An exemplary design of a nonaqueous electrolyte cell fabricated in accordance 
with the invention is shown in Fig. 1. This nonaqueous electrolyte cell 1 comprises a 
negative electrode 2, a negative electrode can 3 housing the negative electrode 2, a 
positive electrode 4, a positive electrode can 5 housing the positive electrode 4, a 
separator 6 arranged between the positive electrode 4 and negative electrode 2, and an 
insulating gasket 7. The negative electrode can 3 and positive electrode can 5 are filled 
with a nonaqueous electrolyte. 

[ 0023 ] The negative electrode 2 has as the negative electrode active material metallic 
lithium foil, for example. Where a material dopable and dedopable with lithium is 
employed as the negative electrode active material, a negative electrode active material 
layer containing the negative electrode active material is formed on the negative electrode 
collector. The negative electrode collector consists of nickel foil, for example. 
[ 0024 ] Materials dopable and dedopable with lithium include metallic lithium, lithium 
alloys, lithium-doped conductive polymers, and layer compounds (such as carbon 
materials, metal oxides, etc.). 
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[ 0025 ] The binder included in the negative electrode active material layer may be 
selected firom among resin materials and the like commonly used in the art as binders for 
negative electrode active material layers in nonaqueous electrolyte cells of this kind. 
[ 0026 ] The negative electrode can 3 houses the negative electrode 2, and also serves as 
the external negative terminal of the nonaqueous electrolyte cell 1. 
[ 0027 ] The positive electrode 4 comprises a positive electrode active material layer 
containing the positive electrode active material, formed on the positive electrode 
collector. In the nonaqueous electrolyte cell 1 herein, olivine LiFeP04 synthesized by the 
process described hereinbelow is employs as the positive electrode active material. 
Aluminum foil or other such material is used for the positive electrode collector, 
[ 0028 ] The binder included in the positive electrode active material layer may be 
selected from among resin materials and the like commonly used in the art as binders for 
positive electrode active material layers in nonaqueous electrolyte cells of this kind. 
[ 0029 ] The positive electrode can 5 houses the positive electrode 4, and also serves as 
the external positive terminal of the nonaqueous electrolyte cell 1. 
[ 0030 ] The separator 6 is provided to separated the positive electrode 4 and the negative 
electrode 2, and may be fabricated from any of the materials commonly used in the art for 
separators in nonaqueous electrolyte cells of this kind. Examples are fihns of polymers 
such as polypropylene. Considerations pertaining to lithium ion conductivity and energy 
density make it imperative that the separator be as thin as possible. As a specific 
example, separator thickness is suitably 50 |im or thinner, 

I 0031 ] The insulating gasket 7 is installed vc^ithin the negative electrode can 3 and 
unified therewith. This insulating gasket 7 prevents leakage of the nonaqueous 
electrolyte filling the negative electrode can 3 and positive electrode can 5. 
[ 0032 ] A solution of electrolyte dissolved in an aprotic, nonaqueous solvent is used as 
the nonaqueous electrolyte. 

[ 0033 ] Nonaqueous solvents include propylene carbonate, ethylene carbonate, butylene 
carbonate, vinylene carbonate, y-butyl lactone, sulfolane, 1,2-dimethoxyethane, 1,2- 
diethoxyethane, 2-methyl tetrahydrofiiran, 3-methyl-l,3-dioxolane, methyl propionate, 
methyl acetate, dimethyl carbonate, diethyl carbonate, and dipropyl carbonate. From the 
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standpoint of assuring stable voltage, the use of cyclic carbonates (e.g. vinylene 
carbonate) or chain carbonates (e.g. dimethyl carbonate, diethyl carbonate, or dipropyl 
carbonate) is preferred. These nonaqueous electrolytes may be used individually or in 
combination. 

[ 0034 ] Examples of the electrolyte dissolved in the nonaqueous solvent are lithium salts 
such as LiPF6, LiC104, LiAsFe, LiBF4, LiCFaSOs, and LiN(CF3S02)2. Of these lithium 
salts, LiPFe and LiBF4 are especially preferred. 

[ 0035 1 The process for fabricating the nonaqueous electrolyte cell 1 is now described. 
[ 0036 ] First, the olivine LiFeP04 used as the positive electrode active material is 
synthesized. In the present embodiment, iron oxalate is used as the iron source in the 
starting materials for LiFeP04 synthesis. 

[ 0037 ] fron oxalate has a lower decomposition temperature than iron phosphate and 
other compounds used to date as starting materials for LiFeP04 synthesis. Thus, the 
LiFeP04 synthesis reaction can be accelerated through the use of iron oxalate as a starting 
material. Where iron oxalate is used as a starting material for LiFeP04, gases having 
adverse effects on the work environment, such as acidic gases, are not evolved during the 
reaction, thus avoiding damage to reaction equipment and the like. 
I 0038 ] LiFeP04 is synthesized as follows. First, the starting materials, for example, 
iron oxalate (FeC204), ammonium hydrogenphosphate (NH4H2PO4), and lithium 
carbonate (Li2C03) are combined in predetermined proportions to give a precursor. The 
starting materials must be mixed thoroughly. Thorough mixing of the starting materials 
provides even mixing of the ingredients and increases the number of points of contact, 
allowing LiFeP04 to be synthesized at lower temperature than in the past. 
[ 0039 ] Next, the precursor is heated under an atmosphere of an inert gas such as 
nitrogen to synthesize LiFeP04. Since iron oxalate is used, the synthesis reaction 
proceeds rapidly and without adverse effects on the work environment, since no acidic 
gases are evolved during the reaction. 

[ 0040 ] LiFeP04 synthesis temperature is preferably in the range 350°C to 790°C. 
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[ 0041 ] In the past, LiFeP04 was synthesized at relatively high temperature, such as 
SOO^C for example. Higher synthesis temperatures mean greater energy consumption and 
impose greater loads on reaction equipment. 

[ 0042 1 By using iron oxalate as a starting material for LiFeP04 synthesis, it is now 
possible to synthesize LiFeP04 at much lower temperature, such as 300°C, versus the 
conventional 800°C. 

[ 0043 ] The ability to synthesize LiFeP04 at temperatures as low as 300°C allows 
LiFeP04 to be synthesized over a broader range of temperature than in the past, affording 
greater latitude in LiFeP04 synthesis temperature selection. The inventors conducted an 
investigation aimed at determining optimal synthesis temperature, focusing upon the 
relationship of LiFeP04 synthesis temperature to capacity. 
[ 0044 ] As a result, is was found that the optimal temperature range for LiFeP04 
synthesis is 350°C to 790°C. Where LiFeP04 synthesis temperature is below 350°C, the 
chemical reaction and crystallization do not proceed sufficiently, so that uniform LiFeP04 
is not obtained. Conversely, where LiFeP04 synthesis temperature exceeds 790°C, 
crystallization proceeds excessively so that the lithium is not adequately diffused within 
the LiFeP04 grains and adequate capacity is not achieved. By synthesizing LiFeP04 at 
temperatures between 350°C and 790°C, it is possible to obtain uniform, monophase 
LiFeP04 with capacity exceeding the 120 mAh/g of conventional nonaqueous electrolyte 
cells. 

1 0045 1 The preferred range for LiFeP04 synthesis is 450°C to 700°C. By synthesizing 
LiFeP04 at temperatures between 450°C and 700°C, it is possible to achieve high 
capacity approaching the theoretical capacity of LiFeP04, namely, 170 mAh/g. 
[ 0046 ] The use of iron oxalate starting material in accordance with the process 
described hereinabove affords synthesis of monophase LiFeP04 at lower temperatures 
than conventionally. The use of iron oxalate starting material in this process avoids 
formation of acidic gases during the reaction, so that there are substantially no adverse 
effects on the work environment. 
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[ 0047 ] A nonaqueous electrolyte cell 1 employing LiFeP04 prepared in the preceding 
manner as the positive electrode active material may be fabricated in the follov^ing 
manner, for example. 

[ 0048 ] First, a negative electrode mixture for the negative electrode 2 is prepared by 
slurrying the negative electrode active material and a binder in a solvent. The resultant 
negative electrode mixture is applied evenly onto a collector and dried to form the 
negative electrode active material layer. This completes fabrication of the negative 
electrode 2. Any of the known binders may be used as the binder for the negative 
electrode mixture, and additives knov^ in the art maybe included in the negative 
electrode mixture as well. Alternatively, metallic lithium as-procured may be used as the 
negative electrode active material. 

[ 0049 ] The positive electrode mixture for the positive electrode 4 is prepared by 
slurrying LiFeP04 and a binder in a solvent. The resultant positive electrode mixture is 
applied evenly onto a collector and dried to form the positive electrode active material 
layer. This completes fabrication of the positive electrode 4. Any of the known binders 
may be used as the binder for the positive electrode mixture, and additives known in the 
art may be included in the positive electrode mixture as well. 
[ 0050 ] The nonaqueous electrolyte is prepared by dissolving electrolyte salts in a 
nonaqueous electrolyte. 

\ 0051 ] The negative electrode 2 is then placed in the negative electrode can 3, the 
positive electrode 4 is placed in the positive electrode can 5, and a separator 6 consisting 
of a polypropylene porous membrane, for example, is arranged between the negative 
electrode 2 and positive electrode 4. A nonaqueous electrolyte is injected into the 
negative electrode can 3 and positive electrode can 5, and the negative electrode 3 and 
positive electrode can 5 are then crimped together via the insulating gasket 7. This 
completes fabrication of the negative electrode cell 1 . 

[ 0052 ] According to the nonaqueous electrolyte cell production process herein, 
monophase LiFeP04 can be synthesized at lower temperatures than in the past. 
Nonaqueous electrolyte cells 1 produced using this LiFeP04 as the positive electrode 
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active material afford good lithium doping/dedoping, have high capacity, and exhibit 
outstanding cycle characteristics. 

[ 0053 ] In the preceding embodiment LiFeP04 is synthesized by means of a solid phase 
reaction wherein powders of compounds used as starting materials for the LiFeP04 are 
mixed; however, the invention is not limited to this process, it being possible to employ 
instead any of various other chemical synthesis processes besides solid phase reaction. 
[ 0054 ] In the LiFeP04 synthesis process herein, it is preferable to subject the precursor 
to a deaeration process in order to remove air from the precursor prior to heating the 
precursor. 

[ 0055 1 If air should be present in the precursor during LiFeP04 synthesis, the Fe^"^ 
present in the divalent compound iron oxalate will be oxidized to Fe^"^ by oxygen present 
in the air. As a result, the LiFeP04 product will become contaminated by this trivalent 
iron compound impurity. By removing air present in the precursor by means of a 
deaeration process, oxidation of Fe^"" in the iron oxalate can be prevented. The resultant 
LiFeP04 is devoid of trivalent iron compound, affording us, monophase LiFeP04. 
[ 0056 ] As regards the elements making up the LiFeP04, while the material will have 
LiFeP04 as its basic composition, LiFeP04 may be combined with, or partially 
substituted with, elements other than Li, Fe, P, and 0, provided that reaction and 
crystallization proceed within the temperature range of 350°C to 790°C taught herein. 
[ 0057 1 In addition to the compounds mentioned earlier, other materials such as lithium 
hydroxide, lithium nitrate, lithium acetate, or lithium phosphate may be used as lithium 
sources for synthesizing LiFeP04. The use of highly reactive materials is preferred to 
ensure that no gases detrimental to the work environment are produced and that synthesis 
may be carried out at relatively low temperature. 

[ 0058 ] The nonaqueous electrolyte cell 1 according to the present embodiment is not 
limited as to configuration, e.g., cylindrical, square, coin type, or button type; and may 
take various sizes such as thin, large, etc. 

[ 0059 ] While the nonaqueous electrolyte cell according to the present embodiment is a 
nonaqueous electrolyte cell 1 employing a liquid nonaqueous electrolyte, the invention is 
not limited thereto, it being possible to employ as the nonaqueous electrolyte a solid 
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electrolyte, or a solid electrolyte of gel form containing a swelling solvent. The invention 
is applicable in both primary cells and secondary cells. 
[ 0060 ] 

[ Examples ] To examine the effects of the invention, LiFeP04 was synthesized and a 
number of cells were fabricated using this LiFeP04 as the positive electrode active 
material. Test results of evaluations of cell characteristics are presented below. 
[ 0061 1 (Example 1) First, the LiFeP04 was synthesized. 

1 0062 ] As the first step in synthesizing LiFeP04, diammonium hydrogen phosphate 
(NH4H2PO4) --which has a large crystal size- was premilled to sufficiently [small size]. 
Next, iron oxalate dihydrate (FeC204 • 2H2O), the diammonium hydrogen phosphate 
(NH4H2PO4), and lithium carbonate (Li2C03) in a 2:2:1 ratio were mixed for 30 minutes 
in a mortar. The material was then mixed for 48 hours with 2 mm-zirconia balls, using an 
acetone solvent. 

[ 0063 ] The mixture was then dried to a clay-like mass. It was then heated in a 120°C 
electric oven under a nitrogen gas flow to remove any remaining acetone, yielding a 
highly homogeneous composition. 

[ 0064 1 After prefiring the precursor for 12 hours at 300°C under a nitrogen gas flow, 

the precursor was heated at 600°C for 24 hours to synthesize LiFeP04. 

( 0065 ] Cells were fabricated using this LiFeP04 as the positive electrode active 

material. 

[ 0066 1 The positive electrode active material consisted of a positive electrode mixture 
containing 70% by weight of dried LiFeP04, 25% by weight of an acetylene black 
conductor, and 5% by weight of a polyvinylidene fluoride binder, mixed into a 
homogeneous paste with dimethyl formamide solvent. The polyvinylidene fluoride was 
#1300 available from Aldrich. 

( 0067 ]• The positive electrode mixture was applied over an aluminum mesh collector 
and dried for one hour at 100°C under a dry argon gas atmosphere to form the positive 
electrode active material layer. 
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[ 0068 ] The aluminum mesh with the positive electrode active material layer formed 
thereon was punched into disks 15.5 mm in diameter to produce positive electrodes of 
pellet configuration. Each positive electrode supported 60 mg of active material. 
[ 0069 ] Negative electrodes were prepared by punching lithium metal foil into 
approximately the same shape as the positive electrodes. 

[ 0070 ] LiPFe was dissolved to 1 mol/L concentration in a solvent mixture of equal 
volumes of propylene carbonate and dimethyl carbonate to produce the nonaqueous 
electrolyte. 

[ 0071 ] The resuhant positive electrode was placed in a positive electrode can and the 
negative electrode was placed in a negative electrode can, with the separator arranged 
between the positive electrode and negative electrode. The nonaqueous electrolyte was 
injected into the positive electrode can and negative electrode can, and the positive 
electrode can and negative electrode can were then crimped together to produce a type 
2025 coin type test cell. 

[ 0072 ] (Example 2) LiFeP04 was synthesized as in the preceding example, except for 
changing the precursor heating temperature to 400°C. 

I 0073 I (Example 3) LiFeP04 was synthesized as in the preceding example, except for 
changing the precursor heating temperature to 800°C. 

[ 0074 ] The LiFeP04 synthesized by the processes described above was then analyzed to 
measure powder X ray diffraction pattern. Parameters for X ray diffraction measurements 
are indicated below. 

[ 0075 ] Apparatus: Rigaku RINT 2500 rotating anode 
X ray [source]: CuKa, 40 KV, 100 mA 
Goniometer: standard vertical, 185 mm radius 
Filter: none 
Slit widths: 

divergent slit (DS) = 1° 
receiving sHt (RS) = r 
scanning slit (SS) = 0.15 mm 
Counter: scintillation counter 
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Measuring method: reflection method, continuous scan 
Scan range: 29 = 10° -80° 
Scan speed: 4°/min 

Powder X ray diffraction pattems for the LiFeP04 prepared in Examples 1 to 3 are given 
in Fig. 2. From Fig. 2, the LiFeP04 prepared in Examples 1 OT 3 show no evidence of 
the presence of impurities other than LiFeP04, indicating that monophase LiFeP04 has 
been obtained. It was verified that monophase LiFeP04 is obtained at precursor heating 
temperatures of 400°C, 600°C, and 800°C. 

[ 0076 ] The test cell of Example 1 was subjected to a discharge test. 
[ 0077 ] First the test cell was charged with constant current, switching fi-om constant 
current to constant voltage charging when cell voltage reached 4.5 V so that voltage was 
maintained at 4.5 V. Charging was halted when the current went below 0.01 mA/cm^. 
The cell was then discharged, halting discharge when cell voltage dropped to 2.0 V. 
Charging and discharging were conducted at normal temperature (23°C); current density 
was 0.12 mA/cm . 

[ 0078 ] Charge/discharge characteristics for the cell of Example 1 are shown in Fig. 3. 
From Fig. 3 it is apparent that the cell of Example 1 has flat potential at about 3.4 V and 
reversible charge/discharge capacity as high as 163 mAh/g, approaching the theoretical 
capacity of 170 mAh/g. 

[ 0079 ] Charge/discharge capacity versus the number of cycles for the cell of Example 1 
is plotted in Fig. 4. From Fig. 4 it is apparent that the cycle degradation of the cell of 
Example 1 is extremely low, less than 0.1% per cycle, demonstrating stable cell 
characteristics. 

[ 0080 ] Accordingly, it was clear that the use of iron oxalate starting material affords 
monophase LiFeP04 at lower temperatures than conventional methods. Cells having this 
monophase LiFeP04 as the positive electrode active material have excellent 
charge/discharge characteristics and stable cell characteristics. 
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[ 0081 ] 

[ Effects of the Invention ] The LiFeP04 synthesis process herein employs iron oxalate as 
a starting material, whereby the synthesis reaction proceeds rapidly and without adverse 
effects on the work environment, since no acidic gases are evolved during the reaction. 
[ 0082 ] According to the invention, LiFeP04 having iron oxalate as a starting material is 
used as the positive electrode active material, whereby nonaqueous electrolyte cells with 
high capacity may be achieved. 
[ Brief Description of the Figures ] 

[ Figure 1 ] A sectional view of an exemplary nonaqueous electrolyte cell of the 
invention. 

[ Figure 2 ] Powder X ray diffraction patterns for the LiFeP04 prepared in Examples 1 to 
3. 

[ Figure 3 ] A graph of charge/discharge characteristics for the cell of Example 1. 
[ Figure 4 ] Charge/discharge capacity versus the number of cycles for the cell of 
Example 1. 
[Key! 

1: nonaqueous electrolyte cell; 2: negative electrode; 3: negative electrode can; 
4: positive electrode; 5: positive electrode can; 6: separator; 7: insulating gasket 
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[Key to figure: (A) potential; (B) capacity] 
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[Key to figure: (A) capacity; (B) number of cycles] 
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F Term (reference) 



AG002 AA06 AB07 AE05 

5H003 AA02 BAOl BA03 BB05 BCOl 

5H014 AAOl BBOl BB03 BB06 EEIO 

5H029 AJ03 AK03 AL06 AL12 AM03 

AM04 AMOS AM07 BJ03 BJ16 

CJ02 CJ08 CJ12 CJ28 DJ16 
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